During 1988 thousands of harbor seals (Phoca vitulina) died in European seas as a result of morbillivirus infection. Six harbor porpoises (Phocoena phocoena) found stranded on the coast of Northern Ireland in late 1988 were submitted to our laboratory for necropsy. Pneumonia was the main necropsy finding in three of these animals. Microscopic lung lesions characterized by necrosis of bronchial and bronchiolar epithelium and infiltration of alveoli with leukocytes, lymphoid cells, macrophages, and multinucleate syncytia were seen in all six porpoises. Cytoplasmic and nuclear acidophilic inclusions characteristic of morbillivirus infection were common in bronchial and bronchiolar epithelial cells and in alveolar macrophages and syncytia. Brain alterations included degeneration and necrosis of neurons, microglial infiltration, and perivascular cuffing. There were cytoplasmic and nuclear acidophilic inclusions in many neurons. Immunoperoxidase staining of morbillivirus antigen was seen in many tissues including lung, brain, spleen, and urinary bladder. Alterations in our porpoises were similar to those seen in distemper in seals and many species of terrestrial mammals. Systemic viral disease has not previously been documented in Cetacea.
during 1988. 7 Affected seals were first seen along the coast of Denmark in April 1988, and during the next 3 months the disease spread to seal colonies in many European countries. Seals along the coast of Northern Ireland became affected in early August 1988. We found lesions similar to canine distemper in affected seals'<" and isolated a morbillivirus from tissues of these animals.'-" Antigenic and biochemical studies indicate that this virus is a new rnorbillivirus.w-" During September to December 1988, six harbor porpoises (Phocoena phocoena) found stranded on the coast ofNorthern Ireland were submitted to our laboratory for necropsy. We found lesions similar to those in morbillivirus-infected seals in these animals. IS In this report we document histopathologic and immunocytochemical alterations in six affected harbor porpoises.
Materials and Methods
Six harbor porpoises found stranded on the coast ofNorthern Ireland during September to December 1988 were submitted to our laboratory for necropsy. Samples oflung, bronchial lymph nodes, brain, stomach, spleen, liver, pancreas, small intestine, kidney, and urinary bladder were collected into 10% neutral buffered formalin and processed in paraffin.
Sections were cut at 5 J.Lm and stained with hematoxylin and eosin for light microscopic examination.
We used an avidin-biotin-peroxidase complex (ABC) technique to demonstrate morbillivirus antigen in tissues of affected porpoises. A monoclonal antibody to the hemagglutinin protein of phocine distemper virus was used as primary antibody (A. Trudgett, personal communication). The other reagents used in the technique were part of a commercially available ABC kit (Vectastaines Elite ABC Kit, Vector Laboratories Inc., Burlingame, CA). All steps, unless indicated otherwise, were done at room temperature in a dark humidified chamber. Fresh Tris-saline buffer (pH 7.6) was used for each washing step.
Sections were cut at 5 J.Lm and placed on clean glass slides coated with 3-aminopropyltriethoxysilane as a section adhesive, deparaffinized in xylene, and placed in alcohol. Endogenous peroxidase was inhibited by transferring sections to a freshly prepared solution of 0.5% hydrogen peroxide in methanol for 30 minutes. After washing in tap water, sections were placed in a solution of 0.1% pronase in Tris-buffered saline (pH 7.6) for 5 minutes at 20 C. Sections were washed twice in buffer for 10 minutes and then incubated in diluted (l : 50) normal horse serum for 20 minutes to remove background staining. Diluted (l : 10) primary antiserum was applied overnight to sections. Sections were rinsed and washed in buffer for 20 minutes. Diluted (l : 200) biotinylated horse anti-mouse immunoglobulin-G solution was placed on sections for 30 minutes at 20 C. Sections were washed for 20 minutes and incubated with ABPC reagent for 30 minutes. After washing for 20 minutes, sections were incubated in diaminobenzidine tetrahydrochloride-hydrogen peroxide staining solution for 10 minutes and counterstained lightly with Mayer's hematoxylin.
In each batch of sections stained, knownpositiveand negative control tissues were included. Test sections were also stained, using inappropriate monoclonal antiseraas first layer, or no first layer.
Results

Necropsy findings
All six porpoises were in good body condition with thick blubber. Except for one carcass that had moderate autolysis, they were in fresh condition.
The main necropsy finding in three porpoises was severe pneumonia. The lungs of these animals did not collapse and had extensive areas of consolidation in all lobes. Many nodular lesions, approximately 1.5 em in diameter, were in the caudal lobes. Trachea, bronchi and bronchioles of two of these animals were completely obstructed with large numbers of adult and immature nematodes (Pseudalius inflexus); these worms were firmly attached to the lung parenchyma. Severe intrabronchial hemorrhage was seen in one of these animals. The other porpoise with pneumonia had mild lungworm infection. Bronchial lymph nodes were enlarged and edematous in all three of these porpoises. No gross evidence of pneumonia, but mild lungworm infection was seen in the other three animals. One of these porpoises had marked pulmonary edema and frothy white serous fluid in airways.
Nonpulmonary lesions included an abscess in the mediastinum of one porpoise. Vaginitis characterized by congestion of vaginal mucosa and mucopurulent intraluminal exudate was seen in two animals. Stomachs of all six porpoises contained only bile-stained mucus.
Microscopic findings
All six porpoises had similar microscopic lung alterations. Bronchi and bronchioles contained muco-purulent exudate, leukocytes, and macrophages. There was marked necrosis of bronchial and bronchiolar epithelium. Necrotic epithelial cells were frequently mineralized. Acidophilic cytoplasmic inclusions were commonly seen in necrotic and intact epithelial cells ( Fig. 1 ). Nuclear acidophilic inclusions were seen occasionally. Alveolar lumina contained serofibrinous exudate, leukocytes, macrophages, and multinucleate syncytia ( Fig. 2 ). Many syncytia had large acidophilic cytoplasmic inclusions. There was proliferation oftype II pneumocytes. Alveolar septae were thickened as a result ofedema and infiltration with macrophages, leukocytes, and lymphoid cells. Adult nematodes were frequently seen in bronchi and were associated with epithelial and goblet cell hyperplasia. Larvae were common in alveolar lumina and in damaged bronchial and bronchiolar mucosa and were frequently associated with granulomatous lesions.
Lesions of non-suppurative meningoencephalitis were seen in brain tissue of all six porpoises. These lesions were severe in four porpoises and mild in the other two animals. There was degeneration and necrosis of neurons in the cerebral cortex (Figs. 3, 4, 5). Altered neurons frequently had a laminar distribution. Degenerate neurons had central chromatolysis and perikaryonal vacuolation ( Fig. 5 ). Nuclei in degenerate neurons were eccentric and enlarged with prominent nucleolus. Necrotic neurons had pyknotic nuclei and were either shrunken with basophilic cytoplasm, or swollen with severe cytoplasmic vacuolation. Neuronal necrosis was associated with diffuse gliosis and formation ofneurophagic nodules. Acidophilic inclusions were common in the perikaryon of degenerate and necrotic neurons ( Fig. 4 ). These inclusions frequently occupied the entire perikaryon. Nuclear acidophilic inclusions were infrequent. Perivascular cuffing and diffuse microglial infiltration ( Fig. 3) were seen throughout the cerebral cortex. There was mild to moderate infiltration of meninges with mononuclear cells. Evidence of demyelination was not seen, and the cerebellum appeared normal in all porpoises.
Mild diffuse necrosis of individual epithelial cells was seen in urinary bladder epithelium of three porpoises; a few epithelial cells had acidophilic cytoplasmic inclusions. There was submucosal infiltration of mononuclear cells and eosinophils in the urinary bladder of one animal. Mild to moderate lymphoid depletion and infiltration of lymph nodes and spleen with eosinophils were common.
Immunocytochemical findings
Our immunoperoxidase technique stained morbillivirus antigen in lung, brain, urinary bladder, spleen, bronchial lymph nodes, and gastric mucosa (Table 1) . Specific staining was characterized by a diffuse brown granular cytoplasmic reaction that was superimposed upon a more intense staining of cytoplasmic and nuclear inclusions. Many ofthese inclusions were not seen in serial sections stained with hematoxylin and eosin. There was widespread specific cytoplasmic and nuclear staining of antigen in alveolar, bronchiolar, and bronchial epithelial cells ( Fig. 6 ). Exudates within bronchial, bronchiolar, and alveolar lumina, including macrophages, lymphoid cells and syncytia, frequently stained positively (Fig. 7) .
Specific staining was seen in the brains of four porpoises that had severe microscopic lesions but not in the two animals with mild brain alterations. There was intense cytoplasmic and nuclear staining in individual neurons scattered throughout the cerebral cortex and also in large groups of neurons, frequently arranged in a laminar pattern (Fig. 8) . NUclei, perikaryon, axons, and dendrites all stained positively. Staining was also frequently seen in perivascular and meningeal mononuclear cells. Morbillivirus antigen was not detected in white matter or in cerebellum.
Specific staining was also seen in lymphocytes in bronchial lymph nodes and spleen, in transitional epithelial cells of the renal pelvis and urinary bladder (Fig. 9) , and in the gastric mucosa of one porpoise.
Discussion
Microscopic tissue alterations in our porpoises were similar to distemper in seals I 3 , 14 , 16 and many species of terrestrial mammals.v" Demonstration of morbillivirus antigen in diseased tissues confirms phocine distemper virus or a closely related virus as the primary cause of the lesions. The distribution of morbillivirus in epithelial, lymphoid, and central nervous system tissues is also similar to distemper in other species. Distemper has been documented in many terrestrial carnivores, including members of the Canidae, Procyonidae, and Mustelidae families.' Though recently documented in harbor seals (Phoca vitulinat, morbillivirus infection had not been reported in any species of marine mammal prior to 1988. 13 , 14 , 16 Our findings indicate that Cetacea are also susceptible to morbillivirus infection.
Following infection, canine distemper virus replicates in lymphoid tissue and is spread to other tissues by infected lymphocytes. 1 The fact that, in this study, we saw necrosis oflymphoid tissue and demonstrated morbillivirus antigen in lymphoid cells ofspleen, bronchial lymph nodes, lung, and brain supports such a mechanism. Severe parasitic infections in several porpoises may have resulted from immunosuppressive effects of morbillivirus infection.
As in distemper in seals I 3 , 14 , 16 and other species.Y brain lesions in our porpoises were characterized by nonsuppurative meningoencephalitis. Central nervous system lesions in canine distemper virus infection predominate in either gray or white matter." Brain alterations in our porpoises were confined to gray matter. Characteristic gray matter lesions in canine and seal distemper include neuronal degeneration and necrosis, satellitosis, neurophagia, diffuse microglial infiltration, and perivascular cuffing. We saw similar changes in our porpoises. Cytoplasmic neuronal inclusions were large and frequently occupied the entire perikaryon, unlike those in morbillivirus-infected seals. 14 , 16 Interstitial pneumonia characterized by proliferation of type II pneumocytes and alveolar epithelialization is common in canine distemper" and in morbillivirus-infected seals.lv" We saw similar alterations in our porpoises. Epithelial syncytia are infrequent in the respiratory tract of dogs with canine distempers! but, as in measles virus pneumonia in human beings, were common in lung tissue of our porpoises.
There are few reports of viral disease in cetaceans; all of these reports concern viral dermatitides. A calicivirus isolated from Atlantic bottlenose dolphins tTursiops truncatus) was associated with vesicular dermatitis." Herpesvirus-like dermatitis has been documented in Beluga whales (Delphinapterus leucasv/-" and poxvirus infection has been associated with "tattoo" skin disease in dolphins and porpoises. 10 Our finding of distemper-like lesions in harbor porpoises is the first report of systemic viral disease in any cetacean species. Except for poxvirus infection of skin, there are no other reports of viral infection in porpoises.
The origin ofthe porpoise morbillivirus is unknown. Biochemical studies to determine if it is similar to phocine distemper virus have not yet been completed. Since our porpoises were found stranded in areas populated by phocine distemper virus-infected harbor seals, however, circumstantial evidence suggests that the same virus has infected both species. We do not know if 1) the porpoises became infected from contact with such seals or another species or 2) were a source of infection for members of the Pinnipedia. Terrestrial mammals infected with morbillivirus excrete large amounts of virus; furthermore, lateral transmission by aerosol is common." It is likely that a similar situation pertains to infected seals and porpoises. Because morbilliviruses are highly infectious, infected porpoises stranded near seal colonies may have had a role in the longrange spread ofthe European seal epizootic. Since porpoises are entirely aquatic mammals and normally avoid seals, it is difficult to postulate interspecies transmission in the reverse direction. Knowledge of the incidence of morbillivirus infection in marine mammals is limited. Antibodies to canine distemper virus or an antigenically related virus have been found in sera of Harp seals (Pagophilus groenlandicus) and Ringed seals (Phoca hispida) collected in Greenland in 1985 and 1986. 6 Serologic ev- idence ofmorbillivirus infection has also been reported in harbor seals in The Netherlands from 1984 to 1988. 20 Several thousand seals (Phoca sibericai in Lake Baikal in Siberia died as a result of morbillivirus infection from late 1987 until late 1988. 12 Serologic evidence of morbillivirus infection has also recently been found in bottlenose dolphins from the eastern United States." These findings indicate that morbillivirus infection is extant in pinniped and cetacean mammals in several parts of the world; it is not known ifthese populations are infected with the same morbillivirus.
Since there are many serologic and biochemical differences between phocine distemper virus and canine distemper virus, 4, 5, 17, 18, 21 we believe it is unlikely that our porpoises and seals became infected from canine distemper virus-infected dogs or other canine species. The seal and porpoise morbillivirus probably represents an independently circulating virus of marine mammals. Further seroepizootiologic studies of wild pinniped, cetacean, and other marine mammals are required to determine the incidence of morbillivirus infection in these species.
